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Sammanfattning 
Diskmaskinen är en vitt spridd produkt som används i många hushåll. Med en diskmaskin sparar 
användaren tid, vatten och energi.  
 
Att sänka energikonsumtionen hos diskmaskinen är viktigt inte bara på grund av konsument 
vinningar utan även ur ett miljöperspektiv. Det är bevisat att den globala uppvärmningen beror på 
utsläpp av växthusgaser som uppkommer genom användning av olja, gas och kol.  
 
Trots att dagens diskmaskiner är mycket mer energieffektiva än vad äldre varianter är finns det 
fortfarande stora marginaler för förbättringar. Målet med detta projekt är att undersöka 
diskmaskinen och dess cykel för att identifiera vilka faser och komponenter som bidrar till den 
höga energikonsumtionen. Bland de områden som undersöks ska det mest lovliga området väljas 
att fortsättas arbeta med.  
 
Undersökningar visade att det bästa sättet att sänka energikonsumtionen på är att använda sig av 
en motströmsvärmeväxlare. Värmeväxlingen ska ske i två omgångar, först mellan disknings fasen 
och den kalla sköljningen och senare mellan den kalla sköljningen och den varma sköljningen. 
Att använda en dubbel värmeväxling hindrar kallvatten från att nå diskmaskinens innre och kyla 
ner dess inrede samt dess disk.  
 
Värmeväxlarens kanaler dimensionerades för att få högsta möjliga temperaturverkningsgrad. 
Kanalerna är rektangelformade med dimensionerna 0,03×0,005 m samt längden 0,34 m. En 
värmeväxlare med 80 kanaler ger en temperaturverkningsgrad på 0,95. På grund av att 
värmeväxlingen sker i två omgångar med samma värme sänks temperaturverkningsgraden till 
0,90.  
 
Med denna typ av värmeväxlare kan energikonsumtionen för diskmaskinen sänkas med 18% 
vilket ger en sänkning av den deklarerade energi konsumtionen från 1,05 kWh till 0,86 kWh. 
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Abstract 
The dishwasher is a wide spread product that occurs in many households. It saves the user time, 
water and energy. When using a dishwasher instead of doing dishes by hand a lot of energy is 
saved.  
 
The importance of lowering the energy consumption does not only come from the consumer 
winnings but also from an environmental point of view. Scientists are certain that the global 
warming comes from the emission of green house gasses that is created by human consumption 
of oil, gas and coal. 
 
Dishwashers today are a lot more energy efficient than older dishwashers, but there are still 
margins to lower the energy consumption. The aim with this project is to investigate the 
dishwasher and it’s washing cycle, noting different phases and components that contribute to 
waste of energy. Among these areas the most beneficial should be investigated further and 
solutions on how to lover the energy consumption should be made.  
 
The most promising way to lower the energy consumption was found out to be the usage of a 
contra flow tube heat exchanger. The heat exchange should occur twice, first between the main 
wash and the cold rinse and later between the cold rinse and the hot rinse. This stops cold water 
from entering the tub of the dishwasher cooling down its interior and dishware.  
 
The channels of the heat exchanger were dimensioned to get the highest possible temperature 
efficiency. The final channels are rectangular with the dimensions 0,03×0,005 m and the length 
0,34 m. With 80 channels the heat exchanger gets a temperature efficiency of 0,95. Due to that 
the heat exchange occurs twice with the same heat the efficiency is lowered to 0,90.  
 
With a temperature efficiency of 0,90 the total energy consumption of the heater can be lowered 
by 18%. That means that the declared value of the energy consumption could be lowered from 
1,05 kWh to 0,86 kWh. 
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Terminology 
In the report different terminology is used to solve the current problem definition. Some of the 
terminological terms are in need of explanation.  
 
Terms within thermo dynamics: 
 

Insulating capacity   how well a material keeps heat 

Thermal conduction   indicates a materials ability to conduct heat 

Convection the movement of molecules within fluids 

Radiation a body’s emission of heat to a colder surrounding 

Specific heat the amount of heat per unit mass required to raise the 
temperature by one degree Celsius 

Prandtl number a dimensionless number approximating the ratio of 
momentum diffusivity and thermal diffusivity 

Mass flow     the movement of mass per time 

Reynolds number    a measure of the ratio of inertial forces to viscous forces 

Heat capacity the measure of the heat energy required to increase the 
temperature of an object by a certain temperature interval 

Coefficient of thermal conduction the rate at which heat is transferred by conduction through a 
unit cross-sectional area of a material 

Temperature efficiency   a measure of the exchange of heat between two media  
 
Terms special for dishwashers: 
 

Place setting    a standard number of dishware for one person 

Rinse aid     a fluid that brakes water tension to enhance drying 

Washing cycle    a full washing program 

Washing phase    a section of the washing cycle that has its own attributes 
 
Terms within electronics: 
 
Solenoid a loop of wire which produces a magnetic field when an 

electric current is passed through it 

Thermocouple    a type of temperature sensor 
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1 Introduction 
The dishwasher is a wide spread product that occurs in many house holds. As people by more 
electric products it is important from an environmental point of view that these products are 
energy efficient.  

1.1 Background 
The dishwasher is the only household appliance that has not reached a market saturation ratio yet 
[1]. That makes a big market of first time buyers that should benefit of an energy efficient 
dishwasher.  
 
A dishwasher saves the user, time, water and energy. When running a modern dishwasher 10-20 
litres of water is used depending on which program that is running. When washing the same 
amount of dishes that fits in a normal size dishwasher, 150 items, by hand up to 100 litres of 
water is wasted [2].  
 
It is hard to make conclusions regarding the difference in energy consumption between using a 
dishwasher and washing by hand. The difficulty comes from different washing up habits, loading 
of the dishwasher and different types of home plumbing.  
 
It is estimated that a household of four persons that do their dishes by hand waste 1050 kWh per 
year. If a dishwasher is used, the energy waste is about 380 kWh per year. These figures presume 
that the machine is full when it is turned on and that the users do not rinse their dishes in hot 
water before putting them in the dishwasher [3]. An important issue for the user is also to connect 
the dishwasher to cold water instead of hot water. If the dishwasher is connected to cold water the 
total energy use is 20-40 percentage less than if it is connected to hot water. This is because only 
the water in the phases that needs hot water is heated.  
 

1.1.1 The importance of lowering the energy consumption 
Intergovernmental Panel on Climate Change has concluded that it is at least 90 % certain that 
human emission of greenhouse gases causes the warming of the planet’s surface, rather than a 
natural variation in temperature [4]. Scientists are certain that this global warming will continue 
to change the planets climate and effect people, plants and animals, but they do not know how 
much, in what rate and what the exact consequences will be. Some effects of the rising 
temperature has already begun, such as sea levels rising, glaciers shrinking and earlier thawing of 
permafrost [5]. In order to keep the global temperature rise below 2, emissions must be lowered 
by 60-90 % from the levels of 1990. 
 
The emission of greenhouse gases comes from human consumption of oil, gas and coal. The 
greenhouse gases prevent heat from escaping into space which results in temperature rising.  
One of the reasons that greenhouse gases are emitted is the usage of energy by using electricity. 
 
For dishwashers the biggest amount of energy is used during the usage of the machines. Influence 
on the environment during production and disposal of the dishwashers is much less. 
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An energy efficient dishwasher has much less influence on the environment than a dishwasher 
that uses a lot of energy.  
 
The amount of electricity that is used in a household can be divided into six groups; lightning, 
refrigeration and freezing, washing and drying, dishwasher, stove and home electronics [1]. 
Lightning stands for 20% of the household electricity, refrigerator and freezer stands for 20%, 
washing and drying stands for 20%, dishwashers stand for 7 %, stove stand for 16 % and the rest 
of the home electronics stand for 17%, see figure 1. 
 
 
 
 
 

 
 

 
 
 

Figure 1. Chart viewing the six household groups that use electricity, made by IVA.  
 
There is also a money profit for the consumer when considering lowering energy consumption on 
dishwashers. The energy that is used during a dishwashing cycle costs the user money, when 
lowering the energy consumption the user can save money on the energy bill.  
 
One more important reason for lowering the energy consumption for the dishwasher is that the 
European standard is going to get stricter limits for the energy ratings. The European standard is 
an energy labelling that all dishwashers are being rated by.  
 

1.2 Problem definition 
Dishwashers today are a lot more energy efficient than older dishwashers. But there are still 
margins to improve the energy consumption since energy is not utilized in the most efficient way. 
Many components and phases in a dishwasher contribute to the products energy consumption. 
This projects task is to investigate the dishwasher and its washing cycle, noting different phases 
and components that contribute to waste of energy or that do not use the energy efficient enough. 
These areas should be evaluated against each other to find the problem area that is most 

Light 
1000 kWh 
20% 

Stove 
800 kWh 
16% 

Dishwasher  
350 kWh 
7%

Wash & dry  
1000 kWh 
20% 

Refrigerator and 
freezer 
1000 kWh 
20% 

Home 
electronics 
850 kWh 
17% 
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beneficial to improve. Solutions on how to lover the energy consumption should be made and 
different methods on how to do it should be investigated.  

1.3 Aim 
The aim with this project is to analyze potential improvements in terms of energy consumption, 
related to the machine structure and to the washing process. Solutions on how to lower the energy 
consumption on Electrolux’s dishwasher should be identified.  
Energy consumption is a key issue for Electrolux both from an environmental point of view but 
also from a legislation point of view, the European standard is under review and the new one, in 
place in 2010, seems to be tightened.  
 
This thesis work is going to be a pilot study for a possible continuing project at Electrolux.  

1.4 Delimitations 
Since there might be several suggestions in components and phases of the dishwasher that could 
be improved regarding energy consumption, all areas might not be investigated. Improvements in 
energy consumption must not compromise with the quality of the cleaning performance.  
 
The project will not include detailed construction and production of a suggested improvement.  

1.5 Method 
The method that this project is following is according to the product management flow defined in 
Electrolux and used in the Global Primary Development dish care department. This project is 
limited to the three first checkpoints.  
Primary Development Process has four phases and four check points, see figure 2. 
 
 
 

PPI

1. Pre-study 2. Creation of 
ideas

3. Solution and 
verification

4. Hardware and 
solutions

PCP1

PCP00 PCP0PPIPPI

1. Pre-study 2. Creation of 
ideas

3. Solution and 
verification

4. Hardware and 
solutions

PCP1

PCP00 PCP0

Output: Verified 
idea
Verified 
idea

Hardware 
solution
Hardware 
solution

Process 
step:

May be iteration

(basic prototype) (functional  
prototype)

May be iteration

 
 

Figure 2. Overview of the steps of the Primary Development Process. 
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In the first step, the Pre-study, the task is to define the target of the project and provide 
background information on the issue to that is being addressed. The activities and deliverables for 
this phase are: target formulation, preliminary idea description, market message, market 
information and patent search, risk analysis, feasibility check, project main plan, project 
organisation structure and project proposal.  
Once the Pre-study is completed a check point meeting is held, PPI, to report and discuss within 
the steering committee the outcomes. Also proposals for how to move forwards are discussed.  
At this check point meeting it is decided if and how to start the Creation of ideas phase. 
 
In the second phase, Creation of ideas, the purpose is to create and evaluate different solutions to 
the problem and select the most promising ones. Document the selection criteria and the data 
about each concept. Analyze market needs and the market message. Refine project plan.  
 
At check point two, PCP00, it is decided whether to continue with the project, stop the project or 
to go back and do another loop of Creation of ideas.  
 
Next phase is Solution and verification: The purpose of this phase is to focus on selected 
concepts and further develop them. The ideas should be verified on their technical and 
commercial feasibility.  
In the next check point, PCP0, it is decided whether to continue with the project, to do a new loop 
or to stop the project and place the result in an idea bank.  
 
In the last phase, Hardware and solution, a hardware solution is made whose functions can be 
tested on a functional prototype. In the last checkpoint the product is verified and the application 
is proved to be handed over to the Primary Development.  
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2 Frame of reference 
There are many different types of dishwashers. Dishwashers have three different ways to be 
mounted in the kitchen; on the floor under the work top, on top of the work top or enclosed in a 
floor cupboard or a tall cupboard. To understand how the dishwasher is built up and how it works 
a standard 60 cm dishwasher was studied.  
 
An investigation regarding earlier studies on energy consumption made by Electrolux and patents 
by other companies was made. Also a competitor analysis was performed.  

2.1 The dishwasher 

The studied dishwasher is an electronic floor positioned dishwasher that can take up to 12 place 
settings. The European standard definition of a place setting is showed in appendix 1 [6].  

2.1.1 Elements of the dishwasher 
In order to get an understanding of how a dishwasher works the different components of the 
dishwasher are introduced. The dishwasher has a platform of two sidewalls, a top roof and a 
bottom part, se figure 3.  
 

 
 

Figure 3. Picture of a dishwasher taken from a service manual [7]. 
 
The dishwasher has a door at the front, with a control panel and a handle. 
 
The dishware is positioned in two baskets, an upper basket for shorter items and a lover basket 
for taller items, see figure 4. The two baskets can be slide out from the dishwasher on rails.  
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Figure 4. The dishwasher has two baskets that can be slide out. 
 
During the washing phase a detergent is used. This detergent is put into a detergent dispenser. 
Next to the detergent dispenser a rinse aid dispenser is placed, see figure 5. These two dispensers 
are mounted on the back side of the door. The lids of the detergent dispenser and the rinse aid 
dispenser are opened by a solenoid. 
 

  
 

Figure 5. Left: Placing of the dispensers. Right: Close up of the dispensers. 
 
The dishwasher takes in water from the water mains through a tube. This tube transports the 
water to an inlet tank consisting of two plastic parts that are weld together. The tank is built up by 
chambers and channels that decide the path of the incoming water, see figure 6.  
 

Detergent dispenser Rince aid dispenser 
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Figure 6. Inlet tank.  
 
The inlet tank is attached to the dishwasher by a clamp ring. Inside the clap ring a connection to 
the deliming system is positioned. In the deliming system the water is softened if needed. The 
deliming system consists of a plastic container placed on the bottom of the machine. The 
container has two sections connected through channels. These sections contains resin and salt, see 
figure 7. 
 

 
 

Figure 7. The deliming device. 
 
When the water flows through the deliming container an ion exchange occurs between the water 
and the raisin. To recharge the deliming system, water is taken from the inlet tank and run 
through the salt section before it runs through the section with raisin. After the deliming process, 
the water flows in to the sump. The sump is a plastic device divided into four sections; one for 
measuring water pressure, one for circulating water, one for draining water and one for the intake 
of water, se figure 8. 
 

Chamber for 
circulation of steam 

Chamber for water intake 
and cleaning water for 
deliming system 

Chamber for 
condensation of steam 

Adjustment of 
deliming system 
(clamp ring) 
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Figure 8. The sump and its connections. 
 
 
Inside and on top of the sump there are two filters that capture the soil. The large filter on top of 
the sump is for larger soil particles that should not be drained. The finer filter is positioned inside 
the sump and the soil from the dishware is gathered on the bottom of this filter, see figure 9. 
 
 

  
 

Figure 9. Left: Large filter. Right: fine filter. 
 
From the sump the water is transported in a tube towards the two spray arms. Before the water 
reaches the spray arms the tube is divided into two parts. One of the parts is connected to the 
upper spray arm and one is connected to the lower spray arm. The water that is transported to the 
upper spray arm goes through a heater. The heater consists of a tube, which the water runs 
through, a heating coil and an insulating element. The heater is shown in figure 10. 
 

Pressure switch 

Connection to drainage Connection to circulation

Connection to water inlet
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Figure 10. The heater. 
 
The upper spray arm is positioned under the upper basket. It has spray nozzles on both sides. The 
lower spray arm is positioned on the floor of the dishwasher, see figure 11. It mainly sprays 
upwards. The two spray arms clean the dishware with both water and pressure.  
 
 

  
 

Figure 11. Left: Upper spray arm. Right: Lower spray arm. 
 
When the water has been sprayed into the washing camber it is set into circulation by a 
circulation pump that is driven by a single phase induction motor. The water is sucked into the 
sump and transported through the tubes up to the spray arms again. Between phases of the cycle 
some of the water is drained and replaced with fresh water. The dirty water and the soil are 
drained by a drain pump driven by a single phase synchronous centrifugal motor. How the water 
runs in the dishwasher can be seen in figure 12. The grey pipes in the picture transports water to 
recharge the deliming system. The rest of the arrows show the waters path in the system.   
 

 

Tube  

Insulating 
element 

Heating coil 



 

 10

 
 
 
 

Figure 12. The water path in the machine.  
 

To increase the drying performance the dishwasher has a fan that helps the condensation of 
vapour. Since this fan is run by electricity it is not used in the eco program where the drying 
phase is prolonged instead.  

2.1.2 The dishwashing cycle 
The cycle of a dishwasher is built up by four different phases; pre wash, wash, rinse and dry. 
These phases behave different depending on which program that is used when washing. The six 
most common programs for a dishwasher are; Automatic, Intensive, Eco, Glass, Normal and 
Quick. The different functions of each washing phase and how they can be changed is shown in 
figure 13.  
 
 

Water intake 
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Magnetic valve for 
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water intake 
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Water chamber for 
deliming system 
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Circulation 
 pump 

Drain 
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Washing phases Program phases Function phases Extra functions Changeable phases
Water intake/drain Cleaning of harts
Water intake Wait for signal from pressure guard

Pre wash Washing
Heating Wait for signal regarding temperature 0-50°C
Water drain
Water intake Wait for signal from pressure guard

Wash Washing Detergent
Heating Wait for signal regarding temperature 50-65°C
Water drain
Water intake Wait for signal from pressure guard

First rinse Washing Skip phase
Water drain
Water intake Wait for signal from pressure guard

Second rinse Washing
Water drain
Water intake Wait for signal from pressure guard

Third rinse Washing
Heating Wait for signal regarding temperature Rinse aid 50-65°C
Water drain Cleaning 

Drying Pause 
Fan (if available)

Stop  
 

Figure 13. Table over viewing the functions of the different phases during a cycle. 
 

The behaviour of the different dishwashing programs is shown in figure 14. Since the eco 
program is the program that is used for energy labelling, all studies in this project are made using 
that program.  
 

Automatic Intensive Eco Glass Quick
Pre wash X X X
Wash X (50-65°C) X (70°C) X (50°C) X (45°C) X (60°C)
First rinse X X
Second rinse X X X X
Third rinse (hot) X X X X X
Drying X X X X
Stop

Energy consumption (kWh) 1,1-1,53 1,99 1,05 0,93 0,9
Water consumption (liters) 12-23 25,1 14 15,3 10  

 
Table 14. The washing phases of the different washing programs. 

 

2.2 Studies on energy consumption made by Electrolux 
An investigation was made to examine what work has already been done by Electrolux within the 
filed of energy consumption.  
 
A general study on several heating technologies for possible application for dishwashers has been 
made by Electrolux. Focus was lied on the alternative heating systems; thick film technology, 
infrared heating technology and microwaves heating technology [8].  
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An investigation on sustainability issues connected to Electrolux has been made. The aim of this 
study was to provide product lines with input on how to approach consumers from different 
angels concerning the environment issue [9]. 
 
A project investigating heat losses from the heater, the pipes and the tub [10]. The investigations 
shows that the losses from the pipes and the heater are quite small compared to the total losses in 
the system. The largest heat losses in the system are the tub’s losses.  

2.3 Patents 
Several patents regarding reduction of energy consumption for dishwashers were studied. The 
aim was to get some input and to investigate what has already been patented. Also some patents 
treating energy reduction in general were read through. A list of the patents and a short 
description of their application is shown in figure 15.  
 

 
 

Figure 15. A short description of patents treating reduction of energy consumption 
and insulation. 

 

2.4 Energy labelling 
Energy labelling is used by companies to communicate to the costumers how efficient and eco 
friendly their products are. Different types of energy labelling have different criteria. In this 
chapter two of the most common labelling types are presented. 

Title Publication/Application 
Number  

Publication/Application  
Date

Contents 

Multi tank dishwasher  
comprising a backwash device 

US 2008/0041419 A1 Feb. 21, 2008 A dishwasher, in particular a multi-
tank dishwasher having a back 
wash devise, which reverses a 
washing water flow through a fine 
filter. 

Waste heat utilization in the  
operation of a dishwashing  
machine 

8406093 Mar. 18, 1984 In this method, heat energy is 
withdrawn from the spent heated 
rinsing liquid and the fresh water 
used in subsequent program steps 
is heated up. 

Drain water heat exchanger US 6,722,421 B2 Apr. 20, 2004 A method used in buildings to 
provide a heat exchanger apparatus 
to remove heat from flowing drain 
water, to store that heat within that 
apparatus, and to limit heat loss of 
that stored heat to cold drain water 
that may flow thereafter. 

Sealing and insulation device  
for the space between spaced  
apart surfaces 

295,554 Jan. 11, 1989 A sealing and insulation device for 
the space between spaced apart 
surfaces having an envelope 
fabricated of a resilient, flexible 
material filled with resilient 
insulation material. 
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2.4.1 The Swan labelling 
For a dishwasher to get The Swan labelling it has to meet environmental demands without 
lowering the performance. The dishwasher must fulfil requirements within several areas such as; 
energy and water consumption, reduced usage of materials that are harmful to the environment 
and health, recycling of materials, washing and rinsing performance and noise [11]. This label is 
not so spread and only used by a few brands.  

2.4.2 European Standard  
The European Standard labelling is an instrument that rates products by their energy consumption 
and their efficiency in performance. This label is not optional and has to be declared for each type 
of dishwasher that is produced. For dishwashers the three areas that are rated are, energy 
consumption, cleaning performance and drying performance. The scale of the ratings have seven 
classes, A – G, see figure 16.  
 

 
 

Figure 16. European Standard labelling for a dishwasher. 
 
In this scale A stands for most efficient and G stands for least efficient. The energy efficiency is 
measured in Energy efficiency index E1. How the energy efficiency index is calculated can be 
seen in equation 1-3: 
 
 10025,035.1 ≥⋅+= SwhenSCR          (1) 
 
 909,045,0 ≤⋅+= SwhenSCR           (2) 
 
Where S is the capacity of the dishwasher in standard place settings.  
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RC

CE =1               (3) 

 
Where C is the energy consumption for the dishwasher. 
 
 
Figure 17 shows the energy efficiency index for each energy efficiency class. 
 

Energy efficiency class Energy efficiency index
A E1 < 0,64

B 0,64 ≤ E1 < 0,76

C 0,76 ≤ E1 < 0,88
D 0,88 ≤ E1 < 1,00
E 1,00 ≤ E1 < 1,12
F 1,12 ≤ E1 < 1,24
G E1 < 1,4

 
 

Figure 17. The energy efficiency index for classes A - G. 

2.5 Competitors 
To get an understanding of how competitors work with lowering the energy consumption a 
market research was made.  
 

2.5.1 Siemens 
Siemens’s dishwasher SE50T592EU has a function called aquaVario that reads of the soil level 
of the water and adjusts the water pressure accordingly. The sensor also determines how much 
fresh water that is going to be taken in and the temperature of the water, depending on the soil 
level. The dishwasher has a heat exchanger that makes it possible to save energy from the hot 
water during the washing phase to the following rinsing phase [12]. This feature also gives a 
reduced steam puff when opening the door after the washing program has finished.  

2.5.2 Bosch 
Bosch washing machines have a sensor system that determines the soil level in the water and 
automatically deletes fresh water fills if they are not needed [13]. They also adjust water 
temperature and cycle length for optimal efficiency. Bosch has a new dishwasher called 
Celebrity; one of the main reasons why that machine has low energy consumption is because of 
that the hot rinse phase has a maximum temperature of 61°C instead of the usual 65°C.  

2.5.3 Cylinda 
Cylinda’s dishwasher DM 55 is the only dishwasher on the market that has the Swan labelling 
version 4.0 [14]. The dishwasher has a low water consumption which also effects the energy 
consumption since less energy is needed to heat the water.  
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2.5.4 Asko 
Asko has dishwashers that have washing programs for half full loads. Half full loads saves energy 
if the user without the half load function would start the dishwasher half full anyway and in that 
case use more water and energy than necessary. The dishwashers also have a short drying option 
that shortens the drying phase of the washing cycle [15].  

2.5.5 Whirlpool 
Whirlpool addresses the energy consumption issue by having an energy-saving dry option that 
allows longer drying time (overnight)[16].  

2.5.6 Miele 
Miele has a heat exchanger that is activated during the drying phase to help the condensation 
inside the washing chamber.  

2.6 Comparison between competitors 
A comparison regarding energy and water consumption was made between competitors. The 
comparison was made between dishwashers’ with a capacity of 12 place settings and with the 
European standard labelling AAA. See figure 18. 
 

Program Energy consumption (kWh) Water consumption (litres) Time (min)
Siemens Eco 50°C 1,05 12 140
Bosch Eco 50°C 1,05 12 140
Cylinda Normal 55°C 1 9,9 160
Asko Normal wash 1 9,9 160
Electrolux Eco 1,05 14 166  
 

Figure 18. Comparison regarding energy and water consumption. 
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3 Identified problem areas 
The dishwasher has many areas where energy reductions can be made. To get an over view of 
what aspects of the dishwasher that affect the energy consumption a map over these areas was 
made. The dishwasher was first divided into two main areas, the structure of the dishwasher and 
its phases. These two main areas were then broken into smaller areas, see figure 19.  
 

 
 

Figure 19. Structure tree of identified problem areas. 
 
When the two areas were broken down further, nine final problem areas was found. 
 

3.1 Structure 
The structure of the dishwasher consists of several components that use energy. There are also 
components that need good insulation properties, they do not use energy themselves but still 
make a difference for the energy consumption of the dishwasher.  

3.1.1 Components that consume energy 
The components in the dishwasher that require power are; the heater, the motor for the circulation 
pump, the motor for the drain pump, the motor for the drying fan and some electronics. In 
identifying problem areas it is important to look at how much energy that each component 
demands. If lowered energy consumption is aimed at, it is most interesting to look at improving 
the use of the components that utilize the most energy. It is also of interest to know how long 
time each component is active during the washing cycle. 

3.1.1.1 Heater 
The heater is driven by 2000 W. The time that the heater is activated during a cycle was 
investigated by measuring the energy consumption during the cycle. The heater is the component 
in the dishwasher that uses the most amount of energy. In figure 20 the activation time can be 
seen by searching for steep parts of the curve.  
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Figure 20. Energy consumption for pre rinse, main wash, cold rinse and hot rinse 

during eco cycle. 
 
The graph shows that the heater is active for 34 minutes during the eco cycle. The energy 
consumption for the heater during a cycle could then be calculated to 1,12 kWh.  

3.1.1.2 Motor to circulation pump 
The motor to the circulation pump is active in almost the whole cycle accept for during the drying 
phase. Its total activation time is 110 minutes. The motor is driven by 100 W, that gives a total 
energy consumption of 0,18 kWh for the whole cycle.  

3.1.1.3 Motor to drain pump 
The motor to the drain pump is driven by 30 W and is only activated for 2 minutes, thus its 
energy consumption is negligible.  

3.1.1.4 Electronics 
The dishwasher also has other electronic parts that need energy. Examples of these parts are, 
sensors, solenoids and the control panel. The energy consumption of these parts is negligible 
compared to the total energy consumption for the whole cycle.  

[min] 

[kWh] 
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3.1.2 Insulating components 
To prevent the heat from leaving the dishwasher to the outside surrounding the dishwasher has 
insulating elements.  

3.1.2.1 Insulation around the machine 
The dishwasher has insulating felt that is wrapped around the inner walls of the machine. This 
insulating felt form an obstacle for the heat to leave the dishwashers interior. Due to lack of space 
and the condensation that occurs on the dishwashers left side, the insulation felt is only covering 
two of the dishwasher’s six sides. 
 
The dishwasher is at the present time insulated with insulation felt on its right side and on the top, 
see figure 21.  
 

 
 

Figure 21. Photo of insulating felt on dishwasher.  
 
The outer side walls, the back and the top of the dishwasher are covered with bitumen, see figure 
22. Bitumen is a form of crude oil. The bitumen is glued onto the outside of the dishwasher to 
provide sound insulation.  
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Figure 22. Photo of bitumen covered walls. 
 
Other parts that were studied regarding their thermal conductivity were the sump and the 
machine’s inner walls, see figure 23. 
 
 

Component Material Thermal Conductivity
Insulation filt Felt insulation 0,04
Sump Carboran 0,12
Inner walls Stainless steel 16
Bitumen Bitumen 0,17  

 
Figure 23. Thermal conductivity of the dishwasher’s materials. 

 
The insulation effect from the inner walls and the bitumen is not so great. Therefore there is a 
lack of insulation around the dishwasher’s chamber on the right side and the back side where no 
felt is positioned. The sump and the tubes at the bottom of the dishwasher are made of polymer 
and are also in need of further insulation.  
 
To investigate how much heat that transfers through different materials of the dishwasher 
temperature tests were made. These tests were run during the entire washing cycle. 
Thermocouples were placed on 14 different places on the dishwasher. The placing of the 
thermocouples is seen in figure 24 and photos of the placing can be found in appendix 2. 
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Top Front Left side Right side Bottom Back
On roof inside Inside the door In the air outside the right side On the water tank Bottom inside the dishwasher Back inside the dishwasher
Outside the roof on bitumen Inside the dishwasher on the left wall On the outside of the sump Back on the bitumen
Outside the roof on steel Inside the sump Back in the air
Outside the roof on filt In the air outside the sump  
 

Figure 24. List of placing of thermocouples 
 
The temperature measurements showed that the heat loss through the sump and the bitumen 
covered walls was significant. As seen in figure 25 the temperature outside the sump is only six 
degrees lower than the water temperature at the first peak. At the second peak the temperature 
outside the sump is ten degrees lower. The outside temperature at the first peak is 44 °C and the 
water temperature is 50 °C. Equation 4 shows the heat loss, in percentage, for the sump. 
 

%8888,00 ===
inside

outside
sump t

tH            (4) 
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Figure 25. Graph showing the temperature outside and inside the sump.  

 
The insulating capacity of the bitumen covered walls was negligible, see figure 26.  
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Figure 26. Graph showing the temperature outside and inside the bitumen covered walls. 

 
The insulating capacity of the felt was the largest. At the first peak the temperature under the felt 
was 47 °C and the temperature on the felt was 32 °C, see figure 27. The heat loss was calculated 
by equation 4 to %6868,0 ==filtH . 
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Figure 27. Graph showing the temperature under and on top of the felt 

 
Different things can be done to improve the insulation of the dishwasher. The insulating felt can 
be extended to surround the whole dishwasher and new insulating materials with better insulating 
capacity can be used. When examining the insulation of the machine it is important to take into 
consideration conduction, convection and radiation. 

3.2 Phases  
Since the heater is the component that consumes the highest amount of energy, the largest energy 
savings that can be done has to do with the heating of the dishwasher’s interior and the water. 
Two of the parameters that affect the heating are the amount of water that is used during each 
phase and the desired temperature.  
 
The water temperature was measured during the eco cycle to get an understanding of how it 
alters. The temperature curve is seen in figure 28. 
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Figure 28. Temperature level in the different phases during eco cycle. 
 

3.2.1 Amount of water to be heated 
The amount of water that the dishwasher is filled with during the washing and rinsing phases is 4 
litres. If the water amount should be lowered the energy consumption would decrease due to less 
mass to heat up. 

3.2.1.1 Lower the water amount 
The issue regarding lowering the water consumption has already been investigated by Electrolux 
and future improvements has been made.  

3.2.2 Temperature 
Lowering the temperature in different phases of the washing cycle has large risks. The 
temperatures that are most important during the cycle are the temperature in main wash and the 
temperature in hot rinse. To clear the dishes from the different types of soil the temperature in 
main wash has to reach to about 50°C and to induce a good drying the temperature in hot rinse 
must reach about 70°C. 

3.2.2.1 Lower temperature in hot rinse 
The temperature in hot rinse has to reach a certain level to retain the drying capacity. 
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To reach a certain temperature the heater must be active a certain time. If the aimed temperature 
is lowered the activation time of the heater will be decreased thus lowering the energy 
consumption. When and how long the heater is active during the hot rinse is showed in figure 29. 
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Figure 29. Time when the heater is activated during hot rinse is marked with arrows.  
 
The heater is activated 18 minutes during the hot rinse. That equals an energy consumption of 0,6 
kWh.  

3.2.2.2 Heat exchange 
To increase the temperature in certain desired places, heat that is to be disposed can be reused.  
 
The behaviour of the different phases in the washing cycle was studied to detect where and when 
the biggest temperature losses occur, see figure 30.  
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Figure 30. Temperature behaviour during the eco cycle. 
 
The graph shows that large temperature losses occur during the cold rinse, between the washing 
phase and the hot rinse. The cold rinse is a cold phase between to hot phases. The cold water that 
is taken in during this phase cools down the interior of the dishwasher and the dishware. After the 
cold rinse when the hot rinse begins, it takes a lot of energy to raise the temperature inside the 
dishwasher.  
 
To avoid the large temperature drop during cold rinse one suggestion is to heat the incoming 
water before it reaches the interior of the dishwasher. Figure 31 shows the appearance of the 
graph if the heat loss is reduced by 100% and 50%. 
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Figure 31. The dotted curve has a reduction of 100 % and the dashed curve a reduction of 50 %. 
 
Since lowering of the energy consumption is desired this incoming water should be heated by the 
outgoing water from the main wash.  

3.3 Chosen area to work with 
To decide which areas to continue investigating a comparison between the problem areas was 
made. The areas were evaluated from; energy consumption, preserving of washing and drying 
performance, ability to solve and ability to realize improvements. The evaluation matrix is seen 
in figure 32. 
 

 
 

Figure 32. Evaluation matrix. 
 
The areas with the highest total points in the evaluation matrix, were the insulation and the heat 
exchange.  
 

Evaluation of problem  
areas 

Heater Motor to circulation pump Motor to drain pump Electronics Motor to fan Insulation Heat  
exchange Lower temperature 

in hot rinse Lower the 
water amount

Energy consumption 10 3 1 1 1 3 7 7 7
Preserving of washing and  
drying performance 10 10 10 10 10 10 10 1 1

Ability to solve problem 5 5 5 5 5 7 8 5 5
Ability to realize improvements  7 7 7 7 7 8 5 8 8

Novelty value for Electrolux 2 5 5 5 5 10 10 5 2
Sum 34 30 28 28 28 38 40 26 23
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The loss of heat during draining has a large affect on the energy consumption. Much energy is 
lost when hot waste water is disposed without waste heat recovery. Energy is also lost when cold 
inlet water is taken into the hot chamber cooling down the interior. The washing and drying 
performance is not reduced when using heat exchanging. The difficulty with this problem area is 
to later realize the improvements.  
 
Since the dishwasher has losses due to insufficient insulation, the insulation around the machine 
has a large impact on the energy consumption. Tests on the insulation felt are easy to perform and 
possible improvements do not require complex solutions. The difficulty regarding improvements 
of the insulation is the lack of space between the inner walls and the exterior walls of the 
dishwasher. 
 
Since the main aim of this project is to reduce the energy consumption, the problem area that was 
chosen to further investigate was the heat exchange. The heat exchange is believed to have the 
highest potential in reducing the energy consumption.  
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4 Requirement specification 
A requirement specification was set up as guidance throughout the project. The demands and 
desires were divided into groups by subject fields. The requirement specification is found in 
appendix 3.  
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5 Heat exchanging methods 
A research on different heat exchanging methods was made to get some information about the 
most common types of heat exchangers.  

5.1 Plate heat exchanger 
The plate heat exchanger is the most economical and effective type of heat exchanger. It has a 
high efficiency that is dependent on its plates. The plates have a wave pattern, see figure 33. This 
pattern and the fact that the spaces between the plates are small induce turbulent flow which 
increases the efficiency. Due to the plate heaters turbulence and low pressure fall the heat 
exchanger can have a small heat transferring area. A plate heat exchanger does only need 20-40% 
of the space that a tube heat exchanger needs [17].  
 

 
Figure 33. Plate heat exchanger, picture taken from WCR Sweden AB. 

 

5.2 Shell and tube heat exchanger 
There are many types of shell and tube heat exchangers. The shell and tube heat exchanger is a 
recuperative heat exchanger, which means that the heat exchanging occurs through a solid wall 
that separates two media. The heat exchanger often has outlet and inlet distribution tanks that 
make sure that the water is evenly applied into the channels, see figure 34. One of the two media 
runs through the small channels and one runs inside the shell around the baffles.  
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Figure 34. Recuperative heat exchanger.  
 
Recuperative heat exchanger can work in two ways contra flow and parallel flow, see figure 35. 
The contra flow heat exchanger gives the most effective heat exchange. 
 

 

 
 
 

Figure 35. Temperature course in contra and parallel heat exchangers.  
 

5.3 Regenerative heat exchanger 
In a regenerative heat exchanger two media alternately flow through a space with filling material, 
see figure 36.  
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Figure 36. Regenerative heat exchanger. 
 
The filling material must have a high heat capacity and a large heat transferring area. In the first 
phase the hot water flows through the filling material and emits heat. In the second phase the cold 
water flows through the filling area and admits the heat [18]. 

5.4 Chosen heat exchanging method 
A tube heat exchanger with contra flow was chosen to work with during the rest of the project. 
The decision was based on that the heat exchanger had to be without narrow spaces due to soil 
particles in the drained water and that the contra flow heat exchanger has a high capacity. An 
estimated cost was also taken into consideration.  

Space with 
filling 
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6 Heat exchanger for a dishwasher 
As earlier mentioned the contra flow tube heat exchanger was chosen to use and modify to be 
able to regenerate heat from the main wash to the cold rinse and the hot rinse. The heat exchanger 
is meant to heat water to the dishwasher in two steps. In the first step 4 litres of cold inlet water to 
the cold rinse is heated by using 4 litres of hot drain water from the main wash. In the second step 
the 4 litres of now hot water from cold rinse is used to heat up new inlet water to the hot rinse.  
 
To be able to apply the contra flow heat exchanger technology to heat the incoming water, four 
main factors had to be investigated. These factors were; soil, geometry of the channels, number 
and length of the channels and pressure. 

6.1 Soil 
One of the biggest issues with using a heat exchanger to reuse heat in the dishwasher is that the 
outgoing water that runs through the heat exchanger has soil in it. The channels that the water 
runs through must be large enough so that no soil particles get stuck. The sump of the dishwasher 
was examined to see how big particles that are allowed to flow  out in the drain tube. A close up 
picture of the sump and the size of the opening to the drain tube is shown in figure 37.  
 

 
 

Figure 37. Size of the sumps opening to the drain tube. 
 
The opening allows soil particles with a diameter of 0,005 m to pass through.  

6.2 Geometry of the channels  
The temperature efficiency of the heater depends on the mass flow of the media and the geometry 
and length of the channels. Three concepts with different geometries on the channels were 
designed. To be able to compare the different concepts they have the same size of the cross 
section area, 20003,0 mAw = .  
 
To be able to hold 4 litres of water the channel must have a volume V: 

0,005 m
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33 004,044 mdmlitresV =≈=           (5) 

 
For each concept the energy efficiency and the fall of pressure was calculated for different 
number of channels.  
 
Some constants for 27 degree water are [19]; 
 
Thermal conductivity: )/(608,0 KmW ⋅=λ  
Specific heat: )/(177,4 KkgkJcp ⋅=  

Density: 3/997 mkg=ρ  
Kinematic viscosity: sm /106,8 27−⋅=ν  
Prandtl Number: 88,5  
 

6.2.1 Circle 
In this concept the cannel’s cross section is shaped like a circle. The channel with the hot water is 
surrounded with a circular channel with the cold water, see figure 38.  
 

 
Figure 38. Circular channel. 

 
The diameters of the inner and the outer channels are calculated by equations 6-8. 
 

mAd w
hc 0195,02 =⋅=

π
           (6) 

 
mdD hchc 0276,02 =⋅=            (7) 

 
The length of the channels L depends on how many channels the heat exchanger consists of: 
 

nA
VL

w

1
⋅=               (8) 

 

cold water

hot water 
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The heater’s temperature efficiency is dependant of the heat transferring area, see figure 39. 
 

 
 

Figure 39. The heat transferring area of the cylinder marked with grey. 
 
For the circular cross sectioned channels the heat transferring area is constant and can be 
calculated with equation 9. 
 

282,0
2

2 mnLdA hc
qc =⋅⋅⋅⋅= π           (9) 

 
Where n is the number of channels.  

6.2.2 Square 
This concept has a cross section formed like a square with the sides 0173,0=a  and 0173,0=b , 
see figure 40.  
 

 
 

Figure 40. Square channels 
 
The length of the heat exchanger is calculated the same way as for the circular cross section, see 
equation 8. 
 
The heat transferring area is the area between the hot water channel and the cold water channel, 
see figure 41. 
 

hot water

cold water

sa

sb
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Figure 41. The heat transferring area marked with grey. 
 
The heat transferring area increases as the number of channels increases. The channels are put 
next to each other and in that way each channel with cold water is surrounded by two channels 
with hot water and vice versa, see figure 42. 
 

 
 

Figure 42. Several channels in a row.  
 

The heat transferring area for the squared cross section is calculated by equation 10. 
 

sqs bLnA ⋅⋅−⋅= )1(2            (10) 
 
Where n is the number of channels.  

6.2.3 Rectangle 
In this concept the channel’s cross section area has the shape of a rectangle with the sides 

01,0=ra  and 03,0=rb , see figure 43.  
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Figure 43. Rectangular channels 

 
The heat transferring area is between the cold water channel and the hot water channel. When 
several channels are used the heat transferring area increases since each cold water channels is 
surrounded by two hot water channels and vice versa. The heat transferring area can be calculated 
by equation 11. 
 

rqr bLnA ⋅⋅−⋅= )1(2            (11) 
 

6.2.4 Comparison between different cross sections 
To decide which cross section that was to be used, comparisons were made between the three 
concepts. The temperature efficiency and the drop of pressure were calculated for the different 
concepts. The equations below were used.  
 
The mass flow of the water is depending on how many channels that are used. The mass flow 
from the start is divided by the amount of channels. The mass flow m&  is calculated with equation 
12.  
 

n
mm start&

& =               (12) 

 
The flow rate W  of the water is calculated with equation 13.  
 

wA
mW
⋅

=
ρ
&

             (13) 

 
The heat transfer coefficient was calculated by equation 14. 
 

hcd
Nu λα ⋅=              (14) 

 
To calculate Nussels number Reynolds number must be known. Reynolds number is calculated 
by equation 15. 
 

rb

rahot water 

cold water 
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ν
hdw ⋅

=Re              (15) 

 
Nussels number is then calculated by equation 16 and 17. Nussel number changes depending on 
if the water is turbulent or laminar. The water is seen as turbulent when 2300Re ≥ . 
 

4,08,0 PrRe023,0 ⋅⋅=tNu            (16) 
 
When the water is laminar, Nussel number is a constant that depends on which geometry that the 
channels have [20].  
 

33,5
61,3
36,4

=
=
=

lr

ls

lc

Nu
Nu
Nu

             (17) 

 
The heat capacity flow W&  is calculated by equation 18.  
 

pcmW ⋅= &&               (18) 
 
The coefficient of thermal conductance k  is calculated by equation 19. 
 

αα
11

1

+
=k               (19) 

 
The temperature efficiency η  can then be calculated by equation 20. 
 

qcAk
W
⋅

+
= &

1

1η              (20) 

 
For each cross section the temperature efficiency was plotted as a function of the number of 
channels, see figure 44.  
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Figure 44. Temperature efficiency as a function of number of channels. 
 
The graph shows that the square cross section has the lowest temperature efficiency regardless of 
how many channels the heat exchanger consists of. When the amount of channels is under seven, 
the circular cross section has higher temperature efficiency than the rectangular. The two curves 
cross each other at seven channels and when the heat exchanger has over seven channels, the 
rectangular cross section has the highest temperature efficiency.  
 
The fall of pressure was calculated to see how large the pressure loss in the heat exchanger 
becomes with the different cross sections.  
 
To calculate the fall of pressure the friction factor must be known. There are two equations for 
calculating the friction factor 1f . Which equation that is used depends on type of flow. If the flow 
is turbulent equation 21 is used and if the flow is laminar equation 22 is used.  
 

4/1
1 Re158,0 −⋅=tf             (21) 

 

Re1
Cf l =               (22) 

 
Where C is the Fully Developed Flow Coefficient.  
 
The fall of pressure pf∆  can be calculated by equation 23.  
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hcd
Lwfpf ⋅⋅⋅=∆ 2

1 ρ             (23) 

 
For each cross section the fall of pressure was plotted as a function of the number of channels, 
see figure 45.  
 

0

1

2

3

4

5

6

7

8

9

10

0 20 40 60 80 100 120

number of chanels

fa
ll 

of
f p

re
ss

ur
e

rectangular
square
circular

 
Figure 45. Fall of pressure as a function of number of channels. 

 
The graph shows that the fall of pressure decreases when the number of channels increases. The 
circular cross section has the lowest fall of pressure, after comes the squared channels and the 
rectangular has the highest. 
 
The differences in the fall of pressure, between the different cross sections, are not so large. The 
number of channels though has a large affect on the fall of pressure. To get a fall of pressure 
under 2/1 mN  the number of channels must be more than 26.  
 
Since both the temperature efficiency increases and the fall of pressure decreases with more 
channels the rectangular cross section was chosen to continue working with. The rectangular 
channels have short height and thus the heat exchanger can consist by more channels but still 
have the same size.  
 

6.3 Length of the channels 
To be able to fit the heat exchanger onto the machine the size of it had to be calculated. The 
position where the heat exchanger is supposed to be placed has the dimensions 0,36×0,80. 
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To calculate how many channels that the heater should consist of and their length, the size of the 
cross section area of the channels had to be decided.  
 
The temperature efficiency was plotted for different heights of the channels, see figure 48. 
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Figure 48. Temperature efficiency for different height, b, of the channels. . 

 
The graph shows that a shorter height of the channels increases the temperature efficiency. 
 
The fall off pressure was also plotted for different sizes of the cross section area, see figure 49. 
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Figure 49. Fall of pressure for different height, b, for the channels. . 
 
The graph shows that the fall of pressure increases when the height of the channels decreases as 
long as you have the same amount of channels.  
 
Since the difference in fall of pressure was not so large it was chosen to continue working with 
the channel with the shortest height. The chosen channel had the dimensions a=0,005 m and 
b=0,03 m and the cross section area 200015,0 mAw = . 
 
To increase the temperature efficiency it is aimed at to have as many channels as possible in the 
heat exchanger. Since the height of one pair of channels is 0,01 m and the longest available space 
on the dishwasher is 0,80 m, the amount of channels n can be calculated by equation 24. 
 

channelsn 80
2005,0

8,0
=

⋅
=           (24) 

 
The number and the length of the channels are connected as seen in figure 50. 
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Figure 50. Length of the channels as a function of number of channels. 
 
As seen in the graph, the length of the channels is 0,34 m when there are 80 channels, which is a 
size that fits to the available space on the dishwasher.  
 

6.4 Pressure 
The cold inlet water and the hot outlet water both have to flow with a certain flow rate through 
the heat exchanger. The outlet water gets its pressure from the drain pump that has a capacity of 
20 litres/minute which gives a mass flow of about 0,3 kg/s [21].  
 
An experiment was made to estimate the mass flow of the inlet water from the water mains. A 
bucket was filled with water from the water mains with full pressure during 10 seconds. The 
weight of the poured water was 3 kg which gives a mass flow of 0,3 kg/s.  
 
Calculations were made regarding how the mass flow changes the temperature efficiency, see 
figure 51.  
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Figure 51. Temperature efficiency for different mass flow. 
 
The graph shows that the temperature efficiency increases as the mass flow decreases, but as the 
number of channels rise the difference is reduced.  
 
The fall of pressure also depends on the mass flow of the water, see figure 52. 
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Figure 52. Fall of pressure for different mass flow. 
 
The fall of pressure decreases as the mass flow decreases. To avoid having to regulate the mass 
flow since the differences in temperature efficiency are so low when using numerous channels, 
the mass flow of 0,3 kg/s from the water mains and the drain pump was kept.  
 
The pressure from the drain pump had to be investigated to see if it was large enough to transport 
the water through the heat exchanger.  
 
The pressure head of the drain pump is 1-1,5 m [21], this is for water equivalent to 0,1-0,15 bar. 
The pressure head of the drain pump is sufficient enough since the longest vertical way that the 
water has to be transported is 0,8 m, the height of the heat exchanger.  
 
The fall of pressure for a heat exchanger with 80 rectangular channels with the dimensions 
0,03×0,005 is 4 N/m2, which is equal to 0,04 millibar. This fall of pressure is insignificant in 
comparison to the pressure of the drain pump.  
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7 Guidelines for future construction 
The construction of the heat exchanger consists mainly of five different parts, a heat exchanging 
part with channels, two distribution tanks and two outlet tanks.  
 
The heat exchanging part is the part where the heat exchange occurs between the two media. This 
part has earlier in the report been dimensioned to achieve the highest possible temperature 
efficiency. It must further be decided which material that the channels should be made of and 
their wall thickness. These factors are also important for the temperature efficiency of the heat 
exchanger.  
 
To get an even flow through the channels the heat exchanger must have tanks that collects the 
water before and after the channels and that distributes the water evenly into the channels. These 
tanks must be wide enough to be filled with the used water before the water starts to flow out into 
the channels.  
 
The cold inlet water from the water mains flows with the pressure from the water mains through a 
tube into the distribution tank. The distribution tank takes in the water to later distribute it out to 
the channels, when the water has been passed through the cannels it is let out into the outlet tank 
and later transported by a tube to the sump and into the dishwasher. 
 
The hot outlet water from the dishwasher is led by a tube from the sump by the pressure from the 
drain pump into the distribution tank. The distribution tank distributes the water into the channels 
and after passing the channels the water is transported in a tube to the sewer.  
 
The tanks must be placed so that the water gets a straight path from the distribution tank through 
the channels and to the outlet tank. This is important to keep the speed of the water and avoid 
pressure drop. 
 
Since the heat exchanger takes the place of the earlier used inlet tank it is important that all the 
features of the inlet tank are covered. The heat exchanger must have a water lock that insures that 
no soil water is transported back to the water mains. The heat exchanger must also have a 
connection to the deliming system making it possible to recharge it.  
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8 Energy savings 
For the chosen type of heat exchanger with a mass flow of 0,3 kg/s and 80 channels with the 
rectangular cross section 0,03×0,005 and the length 0,34 m the temperature efficiency is 0,95, see 
figure 53. This means that the heat exchanger has the ability to heat the incoming cold water to 
95% of the temperature of the hot outgoing water.  
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Figure 53. Temperature efficiency as a function of number of channels.  

 
Since the heat exchange occurs two times using the same heat the final temperature efficiency is 
lowered to 0,90. This means that the incoming cold water to the hot rinse gets 90% of the 
temperature of the hot water from the main wash. Some heat is lost due to that the heated cold 
rinse water is drained.  
 
The energy savings that could be reached with this type of heat exchanger was calculated. 
 
To increase the temperature with 1,5°C the heater must run approximately 1 minute. The interval 
where it is aimed at to decrease the activation time of the heater is 8 minutes long. This means 
that the activation time is decreased with 8 minutes if the temperature efficiency of the heat 
exchanger is 1.  
 
The calculated temperature efficiency of the heat exchanger is 0,95, but since the heat exchange 
occurs two times it is lowered to 0,9. With this temperature efficiency the time saved on the 
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heater is 7,2 minutes. Since the heater is driven by 2000 W the amount of saved energy during 
these 7,2 minutes is 0,24 kWh. That gives a reduction of the energy consumption for the whole 
cycle by 18%.  
 
If a reduction of 18% of the energy consumption would be made for the declared energy 
consumption value of 1,05 kWh this would mean that the final energy consumption of the 
dishwasher would come down to 0,86 kWh. 
 
Even if this number would decrease to some level due to losses in the heat exchanger this result is 
still a large reduction of the energy consumption in comparison to the energy consumption of the 
existing dishwasher from Electrolux and its competitors. 
 
Another aspect that is important to the user is the time that it takes to run one cycle. Since the eco 
program already is the dishwasher’s longest program it is aimed at that the heat exchanging phase 
do not increase this time much.  
 
To estimate how long time a heat exchanging phase will take the flow rate was calculated by 
equation 13. In the first and last part of the heat exchanger the flow rate is 1 m/s and in the middle 
part the flow rate is 0,0125 m/s since it is divided into 80 channels. 
 
The distance that the water is transported with a flow rate of 1 m/s is 1,6 m and the distance that it 
is being transported with 0,0125 m/s is 0,3 m. This makes a total transportation time of 25,6 s 
which does not increase the total cycle time much. 
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9 Conclusions 
The dishwasher uses less water and energy than what is used when doing dishes by hand. There 
are still reductions possible to make on the dishwasher to reduce its usage of water and energy. 
The dishwasher stands for 7% of the used electricity in a household.  
 
The comparison between different labels shows that Electrolux’s dishwasher uses about the same 
amount of energy that the competitors but that it has fairly higher water consumption.  
 
The dishwasher has many areas where energy reductions can be made. These areas can be 
divided into structural parts and phases. Among the structural parts the six areas that are of 
interest are; the heater, the motor for the drain pump, the motor for the circulation pump, other 
electronics, the motor for the fan and the insulation around the dishwasher. Among the phases the 
most promising areas are; lowering the water amount, lower the temperature of hot rinse and heat 
exchange.  
 
The area that is most likely to contribute to the largest energy reduction is heat exchange. Since 
the heater is the component that uses the most energy, the largest energy savings that can be done 
have to do with the heating of the dishwasher’s interior and the water. Heat exchange is not 
earlier studied within Electrolux and no patents regarding heat exchange between main wash and 
cold rinse was found. This also makes the area interesting in a novelty point of view.  
 
The heat exchange should be carried out in two steps, first between the main wash and the cold 
rinse and then between the cold rinse and the hot rinse. The advantage with a two step heat 
exchange is that the water that reaches the interior chamber of the dishwasher never is so cold 
that it dramatically cools down the interior and the dishware.  
 
When designing a heat exchanger to a dishwasher four main factors had to be considered. The 
channels of the heat exchanger must be large enough to transport water with soil particles. The 
geometry of the channels must be decided to get the highest temperature efficiency. Also the 
number of channels and their length must be optimized to get as large efficiency as possible and a 
low fall of pressure. The pressure must be regarded so that it is enough to run the water through 
the channels and to get the wanted efficiency of the heat exchanger. 
 
The channels of the heat exchanger were made rectangular which gives them a large heat 
transferring area at the same time as they can be short so that more channels are fitted into the 
heat exchanger.  
 
The number of channels was set to 80 and their length to 0,34 m. With these dimensions the 
heater fits onto the available space on the dishwasher and a high efficiency is reached since the 
efficiency increases as the number of channels increases. The fall of pressure also decreases with 
number of channels.  
 
The sources of pressure that are used for the heat exchanger are the pressure from the water 
mains and the pressure from the drain pump, both sources give a mass flow of about 0,3 kg/s. 
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The pressure head of the drain pump is 1-1,5 m which is sufficient enough since the longest 
vertical way that the water has to be transported in the heat exchanger is 0,8 m. 
 
The heat exchanger gets a temperature efficiency of 0,95 with these earlier mentioned dimensions 
and mass flows, but since the heat exchange occurs twice the efficiency is lowered to 0,90. The 
fall of pressure for the heat exchanger is 0,04 millibar which is insignificant in this context.  
 
The construction of the heat exchanger consists mainly of five different parts, a heat exchanging 
part with channels, two distribution tanks and two outlet tanks. These parts should be positioned 
so that the water gets a straight path through the heat exchanger and so that the water is evenly 
distributed into the heat exchanger channels.  
 
With a heat exchanger that has a temperature efficiency of 0,90 a reduction of 18% of the total 
energy consumption can be achieved. This means that the declared energy consumption fro the 
dishwasher would decrease from 1,05 kWh to 0,86 kWh. 
 
The time of the heat exchanging phase is calculated to 25,6 s which does not contribute to a great 
increasing of the cycle time.  
 
The heat exchanger does not affect the washing or drying performance, nor does it raise the noise 
level. The heat exchanger does not make the dishwasher less semantic or more difficult to use 
since it is an element that does not come in contact with the user. Since the heat exchanger does 
not reach so high temperatures it is not harmful to its surrounding.  
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10 Analysis and discussion 
When investigating how much energy that is used during usage of a dishwasher contra washing 
by hand it is hard to define certain levels because of user behaviour. It is therefore hard to point 
out how much energy that is saved from using a dishwasher in comparison to washing by hand. 
 
The comparison between different labels shows that Electrolux’s dishwasher uses about the same 
amount of energy that the competitors but that it has fairly higher water consumption.  
 
When performing the temperature tests no accurate climate room was available, this might result 
in changing results due to changes in the environment. The lack of proper surrounding could also 
result in divergences between the calculated energy consumptions and the standard declared 
value for the dishwasher. There could also be varying results due to instruments that can not 
guarantee 100% accuracy. The dishware that was used during the tests is not the standard 
dishware that is used during standard tests and some modifications from the 12 place settings had 
to be made due to insufficient number of whole sets.  
 
When calculating the temperature efficiency of the heat exchanger some simplifications had to be 
made that could effect the result. The theoretical investigation should be confirmed with 
empirical tests to ensure the efficiency of the heat exchanger.  
 
When calculating the temperature efficiency of the heat exchanger the mass flow from the water 
mains and the drain pump was taken into consideration. It is not certain that the pressure and the 
mass flow can be guaranteed depending on type of water mains and tubes. Complementary 
sources of pressure might have to be used to guarantee that the wanted pressure is achieved.  
 
Soil can get stuck in a heat exchanger which could cause a lowering of the temperature efficiency 
since the exposed channel would be shut. Since the temperature efficiency is increased with 
number of channels it is aimed at to have the channels as small as possible. In the final 
construction of the heat exchanger channels with the height 0,005 m were chosen, this will give 
the heat exchanger a large efficiency but it is possible to enlarge the channels height to diminish 
the risk of particles getting stuck.  
 
For the heat exchanger no extra components that use energy are needed. That means that no extra 
energy is needed to run the heat exchanger.  
 
When calculating the amount of energy that could be saved using a heat exchanger some issues 
occurred. Due to that the temperature and energy measurements were not made in a standard 
environment the calculated energy consumption for the dishwasher did not agree with the 
declared energy consumption. The amount energy saved is therefore calculated in percentage and 
can be applied either to the calculated or the declared energy consumption. 
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11 Recommendation 
To confirm the thesis in this project empirical tests are needed. Tests on temperature efficiency 
and pressure of the heat exchanger must be made. To investigate how soil behaves when it is 
circulated through small channels empirical tests can be made. It is important that the soil 
particles do not get attached to each other and increases in size. Another issue regarding soil that 
should be investigated is the deposition in the heat exchanger.  
 
The final construction of a heat exchanger for the dishwasher was not included in this project and 
must therefore be made in a continuing project. Regarding the construction several issues are 
needed to investigate. The construction must be made so that no soil particles get stuck in it or so 
that it is easy to clean. This must be done to certify the life span of the dishwasher. The heat 
exchanger must have a water lock so that no soil water accidentally flows back to the water 
mains. There must not be any leakage between the freshwater and the soil water in the heat 
exchanger.  
 
Since the heat exchanger will take the space where the old inlet tank used to be positioned some 
of the inlet tanks features and the possibility to transfer them to the heat exchanger must be 
investigated. How much effect the condensation part of the inlet tank has on the drying phase and 
how the deliming system has to be redesigned to fit the heat exchanger are two areas that must be 
looked into.  
 
It must also be solved how to mount the heat exchanger onto the dishwasher. Perhaps some small 
modifications on the dishwasher have to be made.  
 
The usage of insulation should be considered to maintain the heat inside the system and to avoid 
user injury.  
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A1. Place setting 
The European standard definition of a place setting is showed below.  
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A2. Placing of thermocouples during temperature tests 
The pictures below show the placing of the thermocouples during temperature tests.  
 
 

 
 

Figure X. Thermocouples inside the sump and on the bottom of the dishwasher. 
 
 
 

 
 

Figure X. Thermocouple on the left wall inside the dishwasher.  
 
 
 
 

On the bottom

Inside the sump
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Figure X. Thermocouple on the back wall inside the dishwasher.  
 
 
 

 
 

Figure X. Thermocouple on top of the dishwasher on felt.  
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Figure X. Thermocouples on top of the dishwasher, on bitumen and on metal part. 
 
 
 

 
 

Figure X. Thermocouples on the outside of the sump and in the air outside the sump.  
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Figure X. Thermocouple on the inlet tank.  
 
 
 

 
 

Figure X. Thermocouple inside the door.  
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Figure X. Thermocouple on the right side outer wall.  
 
 

 
 

Figure X. Thermocouples on the bitumen and in the air on the back of the dishwasher.  
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A3. Requirement specification 
Following requirement specification was made to be followed during the generation of ideas on 
how to lower the energy consumption for a dishwasher.  
 
1. Function 

• The improvements of the dishwasher must lower the energy consumption for the eco 
cycle. 

 
4. Efficiency requirements 

• The improvements must not lower the quality of the washing performance  
• The improvements must not lower the quality of the drying performance 
• The improvements must not higher the noise level 
• The improvements should not increase the cycle time much 

 
5. Ergonomic requirements 

• The improvements should not make the dishwasher less semantic 
• The improvements should not require moor efforts or less comfortable efforts from the 

user 
 

6. Safety requirements 
• The improvements must not expose the user to injury. 
• The improvements must not be of harm to the surrounding.  
 

5. Utilization life span requirements 
• The improvements must not lower the life span of the dishwasher. 
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